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® Controlled break-up of liquid jets. 



® Liquid jets are broken up in a corttroiled ... 
substantially spherical droplets having a desired 
manufacture of fertilizers and sodium hydroxide. 



by the use of an asymmetric disturbance, so as to provide 
size distribution. This method is of particular utility In the 
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Controlled break-up of liquid Jete 
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lnMflnllnn mlltfM to a nrocess and apparatus for the controlled break-up of liquid jete to produce 
^r^^Tn'X^ to a proc*aa and apparatus for priillng molten 

m8i3 ^ Q « an operation frequently used In the production of fertilizers. Z****^"^* 
"ll i. to flow throuoh a nozzle to form drops of the material which are cooled. e.g. by 

I^^drops toCd£m7 iSSt a counter-current flow of air. to gtve^iW ^herea or^f me 
2.uX«ing is performed by allowing molten material to flow Ihrougha p.uraWy 
•«7 *Lh^ famed deoendlna upon the size and type of nozzle, the nature of the material being 
5te?£ ^T^TSal ^ugh the nozzies^lling ls usually P^J^*"^* 
mSaTlch Is sufficiently large to en^ that the noatoriai ia^a from me <£^*£££ JJ* 
into drops some distance from the orifices of the nozzles. In the past there nave been P f °P^^jT~ 
SbraSof^riltlng nozzles by moving the spray head containing themln a^ca^an^ Therehas,£o 
^nTnraDosal In 6B 1266874 to cause a plate situated In the pool of molten material In the spray head 
^ trn^ to^reST, oSer to improve the uniformity in size of the prilla produced particularly in 

r»»owbaT^ Tfine. and oversize material being kept to a minimum. Present ^P"««El£ 
ferttore keeo the stee distribution within a very narrow range in comparison to other bulk P«*»rtate 
££££ r^reT tfH» production of fertJBzer, is to be optimised it is desirable to provKie prills having 

^r^S^Z^S^ made to reduce the amount of oversize materia. whk* t»nds»*rWe ina 
25 sem^m^ state at the base of present priiUng towers and to reduce the amount of underslze or fines 

prod^suStantWty spuria* drop, or particles in which a jet is caused to now * 
SaTcLactertaed fcr, that aa the Jet flows through tr* cxtfk* me plate la caused to move reciprocally in a 

ao horizontal plane producing an asymmetric disturbance to the )et surface. ,, . , . , _ ^ 

^ZsTa^cidln^ ttie present invention we provide an apparatus for the controlled break-up of Squid 
Mts^ou^S^^r^ drop, or particle, which comprises »P^^*»» 
to^iet toflow through an orifice in the plate characterised In that a means Is provided to ^ 
^^Z££T* horizontal plane perturbing the )et asvmrnetrlcaity aa it *~*^*»£2Z* 

„ T>»«in3o7lsappUcabtetoanypr^ 

up into drops or particles havtng a size distribution controlled within a particular ™^?~^J 
Smp^n^mWoTTri^ of factors, such a. hole or nozzle 0~me^ ^ ™£ 
Sd^tections. fluid flow fluctuations andthethenatureofthephaselnto which the stream emerge., 
any tndivtduaJ stream or jet behaves Independently and uniquely. ». .hitm, 

« in order that a more uniform and predictable behaviour be exhibited by me Jet »"**"^ J* !^ 
to ge^ate dropteta that fall within the desired size SstributJon to be determined a otMM 
«f anmfnTad amoOtude is imposed onto the Jet. The optimum frequency for such a controlled disturbance 
lv P bTc2u^^ng mTSoreucal anSy*. of Jet instabilty. We have found that ihecomrolted 
SsLSa^nTbe Sved by cring the stream to pass through an orifice in a plate moving in an 

<s 2£SSc Z£. LlSO* of me art 

to break up In a suitable manner (Lord Raytelgh: The Theory of Sound. Vol II. Published by Macmillan Co. 

^weST'our studies Indicate that thla Is not the case -see B«np te 1- AsymmsmX: mcten^tes a 
*h««wsve driven capillary instability to a liquid Jet aa poetuiated by Crane L et al: British Journal of 
so t^J^^^T^ « aeq. 1964 and^cCormeck PD et ^ Brtti^ Jourru. of Applied Physics. 16. 

P ' ^o^ry'aSymrnetric or varicose motion has been wiled to plates through which streams have 
beeTpW in^nSLnpte prilling processes. Thia ha. a dHtorent eftectfrom asymmetric motion and 
creates droplets by mean, of capillary instability triggered by » urt ^« J " ta ^- . . - fartin2Br8 
in parttauUr the Invention la applicable to prilling processes especially for the production of fertilizers 
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such as ammonium nitrate and urea for fertilizer use, the production of ammonium nitrate explosives and 
for the production of caustic soda. Streams of molten material are passed through spray heads, generally 
conical In shape, having plates with a plurality of orifices, holes or nozzles, at their lower ends The 
perforated plates can be integral parts of the spray heads or can be separate parts attached to the upper 
parts of the spray heads by any suitable means. Movement of the plates is preferably electronically 
controlled. Preferably the number of holes in an individual plate is within the range 10* to 4 x 10 s . 

The movement of the plate in each direction will generally be through a very small angle, suitably within 
the range 10"* to 10" 3 radians. 

The optimum frequency of the reciprocal motion depends upon the velocity of the Jets through the 
orifices in a plate and the range of size distribution of prills which is required according to the following 
expression 1:- 

'OPT J 1 



where forr is the frequency in Herz. uj Is the Jet Row velocity through an orifice and d> is the orifice 
diameter. Generally a range of frequencies f ^ to f ^ is preferred giving particle sizes within a suitable 
range. Preferred frequencies are in the range 400 to 800 Hz. 

The jet flow velocity depends upon the size of the holes or other orifices In the plate and upon the 
mass flow rate. The diameter of holes In spray head plates presently in use is usually 1.3 mm. Our teste 
were carried out using holes of 1.4 mm diameter. It Is desirable that flow through the plate is laminar and 
that unifor m Jet flow is achieved. This is done by controlling the physical properties of the Hquxj phase and 
the geometry of the holes m the plate In a suitable manner. Suitably the Reynolds Number does not exceed 
J** 1 ** 5 * ,n 500 to 2000. the liquid has a low viscosity, preferably within the range 1 

to 10 CP. [Reynolds Number is defined as pu^-'; where P is the density of the liquid, rkgjn^L u isthe 
*scosfty of the liquid [kgan^^] and u^d, are rtereinbefore defined]. ^ 
^ V^ 1 ®" apPH** to fertilizer production the present Invention makes it possible to control the size 
distribution of prills within a narrow range, greatly reducing the quantity of fines and oversize material which 
is produced. Other physical properties are also improved and the appearance of the prills is satisfactory 

In addition to its application In fertilizer production the invention is applicable to the production of 
ceramics, catalysts, polymers, dyes and other materials when made In substantially spherical particles 

The invention is illustrated by the accompanying figures wherein: 

™t2^,l b ^^ 88Ctl0n * a snowfn 0 typical relative positions of the 

sprayhead, plate and feed system. 

Figure 2 Is a sectional view of a perforated plate indicating the orifices. 
Figure 3 is a parity sectioned side view of the sprayhead assembly. 

Figure 4 is a partly sectioned plan view along Una CC of the sprayhead assembly connected to the 
perturbation causing device, 

• M ~J??*!l '!/J* c ^ od viBW thro °8 h » «uW Jet emerging from a nozzle, the direction of flow being 
indicated along the axis ZZ 1 . 

Figure 6 Is a mlcroflaah photograph of jets of water without the application of a controlled vibration. 
*. ^r, 8 "^ 7 te ' "l!fff 8h I*"'''-*'** of jets of water as produced from the apparatus used In forming 
the jets In Figure 6. with the application of a controlled vibration in a cc or dan ce with the Invention. 

The apparatus shown In Figures 1 to 4 has a prilling column (1) at the top of which is sprayhead (2). 
Forming an integral part of sprayhead (2) is piste (3) perforated by holes (9). Plats (3) is connected by 
linkage (10) to an electronic device (11) which causes the plate (3) to move reciprocally in a horizontal 
plane in an asymmetric manner. Sprayhead (2) Is also connected by line (5) to weir pot (7) which is fed via 
line W with molten material. An overflow line (6) rises to a desired level In weir pot (7) and when the level 
gotten rnatertal in weir pot (7) exceeds the desired level the excess flows out through overflow One (6). 
The constant level of molten material In weir pot (7) maintains a constant level of molten material in 
sp«5ri»ad (2). Where two electronic devices (11) are used, it is preferred that they are configured so that 
each reinforces the movement caused by the other. 

The base of column (1) Is provided with fine (8) for feeding air to the column (1). 
,m ' n *^ P roductlon <* ammonium nitrate fertiliser to produce molten malarial to be supplied to sprayhead 
(2), 85-89% ammonium nitrate solution and magnesium nitrate solution (destecam) are added together and 
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the resulting mbced solution Is concentrated In failing film evaporatorsJWa produces « m^rW ^nteining 
oJ^TtvateTvmlch Is near molten ammonium nitrate and which Is passed to weir pot <7> **J?m there jo 
«JE near molten ammonium nitrate pass through botes « to £J<^"^£2 
SH, moved by dev.ce (11). The lets pass down column break J <nto subsjntiajy 

\' soiidHv and are cooled by a counter-current air flow provided from One (8). The prills waving 

% S fuW cooled If necessary, screened and underatze ^^^^Sle 
Tne^eW oTwater shown In Figure 6 were produced horn ^nrapp^atuaJ For 
a 3 mm diameter length of wire (shown as a dark vertical One) has been ^^*^™°°^he 
aropZ from the breakup of the lets are seen to be nonuniform In size, andare j^"** >" 
nSner. In contrast when a controlled vibration is appBed to the Jets, as shown in Figure 7. the droplets 

formed are highly uniform, and are produced at regular Intervals. 

Ifa controlted disturbance of a minimum amplitude, or greater is Imposed «aft«^" JJ» 
oroereo ^predictable break up of the stream occurs. The value for the minimum perturbation required to 
iniftatA thA hmak-uD of a fluid stream so as to form drops can bo obtained as follows. 
^SIS^^^^ of liquid in a granvtttona. Held, an analysis of the conservation of 
energy gives rise to the expression 2. 
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wherein q Is the rate of growth of the amplifying capillary wave [a -1 ] 
k is the wave number (dimenstonless) and Is defined by 

fcrrpr 1 

q Is the initial stream radius [m] 
X is the wavelength of the disturbance [m] 
lt(k),l 0 (kSc> are the Bessel functions of the first kind 
y is the surface tension of the Squid [Njn" 1 ] 

£ ^"m^mSon 1 of express 2 with respect to K. an repression 3 for the maximum 

value of q. hereinafter referred to as q*« Is obtained, when k la equal to 0.897. 

w^eto^fte^LwaTstreai. diameter [m] and is equal to twice the InHlal stroam radius. 

The magnitude of the disturbance may be obtained from standard Fourier analysis of the amplifying 
capillary wave, to give expression 4. 
itt) ■ «o exp(qt) 4 
wherein t Is time [s] 

rtt) is the radius of the stream at any time t [m] 

5* is the amplitude of the Initiating disturbance [ml 

DWrrteg>ation of the liquid stream will occur when the amplitude of the disturbance as described by 
expression 3 has grown to equal the Initial Jet radius, r,, and at a time t x so that 

U '^^SwMch Ssintegration occurs can simply be obtained from ^ relationship between distance 
from the start of the stream at which disintegration occurs, and ^^j^^^l 
Utilising such a relationship In expression 5 and rearranging expression 5 yields 

6 
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wherein 1, Is the distance from the start of the stream at which uTsinleyiatlon occurs [m] 
^suSoJ^w'U expression 3. into expression 6 and reansngemem to obtain the minimum 
amplitude of the Initiating disturbance that will just Initiate jet gives break-up expression 7. 
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wherein We Is the Weber number [dimensionless] as defined by 

The effect of using a controlled vibration, in accordance with the above theory, was confirmed Initially 
using laboratory apparatus with water as the liquid medium. Typical results from such experiments having 
been shown in Rgure 7. 

The following examples may further serve to illustrate the use of the theory in determining the optimum 
frequency for such a controlled disturbance, and the effect of applying said controlled disturbance at the 
frequency calculated so as to change the size distribution of the system considered. 

EXAMPLE 1 

In an operating unit for the production of fertiliser grade ammonium nitrate the plate (3) throuah which 
motten arnmonium nitrate is prilled comprises 2500 holes of 1.4 mm diameter. 

The velocity at which molten ammonium nitrate flows through each hole is 3-5 m/s. - 

The optimum frequency at which to apply a controlled lateral disturbance to the sprayhead (2), and 
hence plate (3) Is given by substituting the above parameters into the previously quoted expression 1 for 
forr to obtain a value of 550 Hz. 

Molten ammonium nitrate under the conditions of the experiment has a surface tension of 0.1 N.m~ 1 
and a density of 1400 kgm"\ The distance from the start of the stream at. which disintegration occurs has 
been observed to be 0.2 m. Substituting the parameters Into expression 7 gives a value of 0.1 microns as 
the theoretical minimum amplitude for the controlled disturbance. 

The plate (3) was perturbed by inducing a lateral vibration through the sprayhead (2) of an amplitude of 
1 7microns, which corresponds to an angle of rotation of the sprayhead (2) about a vertical axis of about 2 x 
10™* radians. 

The frequency of the vibration used was 560 Hz. 

Samples of the resulting prills were obtained, from which a size distribution was generated. The mean 
size of prill produced (by mass) was £35 mm. with a standard deviation of 0.1 mm. 

EXAMPLE 2 

« .T h0 ^ m ? Opera,in9 unit *** undar 9ame conditions of ammonium nitrate flow as in Example 
1. but with a frequency of controlled vibrations of 480 Hz. 
Samples of prills were again taken for size analysis. 

The mean size of prill produced (by mass) was 2.45 mm. with a standard deviation of 0.1 5 mm. 
EXAMPLE 3 

In comparison with Examples 1 and 2, when the same operating unit was used, under the same 
condWoiw of ammonium nitrate flow, but without the application of controlled vibrations It was found that the 
size distribution of the prills produced was broader than that obtained for the prills of Examples 1 and 2. 

The mean size of prill produced (by mass) was 2.4 mm with a standard deviation of 0.6 mm. 

EXAMPLE 4 

in a second unit for the production of fertiliser grade ammonium nitrate the plate (3) through which 
molten ammonium nitrate was prilled comprised 2800 holes of 1.3 mm diameter. 

The velocity at which molten ammonium nitrate flowed through each note was 4.0 m/s. 

The optimum frequency at which to apply a controlled lateral disturbance to the sprayhead (2) was 
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"^la*^ perturbed by inducing a lateral vibration through the sprayhead (2) of an ampDtude of 
17 microns. 

The frequency of the vibration used was 670 Hz. 

^taaof me resulting prills were obtained from which a size distribution was generated. 
* £E TsS ^rlll p^uced (by mass) was 2.34 mm. with 0.5% of the prills produced being smaller 

than 1.4 nun. 
io EXAMPLE 5 

The same operating unit was used as in Example 4. but with a frequency of controlled vibrations of 690 
The mean size of prills produced (by mass) was 230 mm. with 05% of the prills produced being 



HZ. 

is smaller than 1 .4 mm 



EXAMPLE 8 

„ The same operating unit was used as in Example 4, but with a frequency of controlled vibrations of 680 
The mean sto of prills produced (by mass) was 227 mm. with 05% of the prills produced being 



Hz. 

smaller than 1.4 mm. 
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EXAMPLE 7 



The same operating unit was used as in Example 4, ^ ««hout the a^ctflonof ^o^uS^no 
The mean to of prills produced (by mass) was 2-36 mm with 1.5% of the prills produced being 

W ^rwVntH™ by the appacatton of «^*~ * t^^T^ZZ^^ 
moften ammonium nitrate, prills having fewer fines may be produced, and by using a controlled vibration 
close to the optimum frequency prHls having the fewest fines are produced. 

38 

Claims 

1 . A process for the controlled break-up of liquid jets to produce '"t^* 1 * J^^J*** 
jet is cJs^Tnow through an orifice in a plate, characterised in that as the * flows ^^^^ 
<o plate is caused to move reciprocally In a horizontal plane producing an asymmetric disturbance to the jet 

process according to claim 1 wherein said plate comprises between 1 0* and 4 x 10* ^orfftees. 
3 A process according to claim 1 or claim 2 wherein the reciprocal movement is equivalent to an angle 

„ " Tr^cT^ng 3 l°~LT™<« the preceding cUms wherein toe frequency of reciprocal 

"TTp^T^r^r^one of toe preceding claims wherein the Reynold, Number, a. 

^T^T^^ W ^^'^ Preceding cfctms wherein the llqiUd has a viscosity In the 

M T. ^process according to any one of the preceding claims wherein toe liquid Is substantially molten 
ammonium nitrate, or urea, or sodium hydroxide. , ,,„„,..»,, .nh^ rtmnn which 

8. Apparatus for the controlled break-up of liquid jets to produce «*>^ al ^**f rto '' J***£TZ 
corr^sesTXe. and mean, to cause a liquid Jet to ^^^^^J^J^S^S ^ 

ss that a means Is provided to cause toe plats to move reciprocally in a horizontal plane perturbing toe jet 
asymmetrically as It flows through toe orifice. 



6 



BP 0 320 163 A1 

9. An apparatus according to claim 8 in which the means provided to cause the reciprocating horizontal 
movement comprises at least two Identical devices which operate in reinforcing action. 
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